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(57)Abstract: 

PROBLEM TO BE SOLVED: To integrate refractive 
index guide type semiconductor lasers varying in 
oscillation wavelengths and to form a semiconductor 
laser array by disposing a first laser element part which 
exists on a substrate and releases a laser beam of a first 
wavelength and a second laser element part which exists 
in parallel therewith and releases a different wavelength. 
SOLUTION: The active layer 214 of the laser element 
part 240 of a wavelength 780 nm is formed of a MQW 
structure consisting of Ga0.9AI0.1As well layers and 
GaO.65AIO.35As barrier layers and the active layer 224 of 
the laser element part 241 of a wavelength 650 nm is 
formed of an MQW structure consisting of InO.5GaO.5P 
well layers and In0.5(Ga0.5AI0.5)0.5P barrier layers. 
Refractive index steps are formed in a transverse 
direction by the combination of third clad layers 218, 228 
processed to a projecting stripe shape and a GaAs 
current blocking layer 231, by which the laser element 
parts 240, 241 are formed as a refractive index guide 

laser. The laser element parts 240, 241 are respectively applied to CD disks and DVD disks and 
are used as LDs of optically integrated units. 
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tf*<D»it#H^ MS^^^K Tfefy^Ty/tt; 
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1 

im&m 1 1 g a a s m&t. 
atrES«±iwRit httm i <o8t§co u— vyt&tkm-tz 

tfrES«±i-Ki* e>tvMreff i 2 

g^co i'-— */3fc&fflTEfS l co&gcou-if3fc£irS¥fr& 

jWE^ 1 CO U-i^m^^lL I nGaAl P^l^^^ 

KB*. mfESfj l * 7 ^ KBcD±imttfefrfc«ttJB 

Wie»ttB(0±|i:»:ite>nfc I n G a A 1 Pf&2 * 70 

WEi! 2 CO tHlR^fflJIl, r nGaAl PgH77 
KJ1£. fiUEfg 1 * 9 2/ K»©±fc1Rrt&*bfciSttfB 
#Haett»^Jil-K»t P>ttfc I nGa A 1 P|2^ 

flfjfEf^ 1 co U-lf iJIT-SflcoiufEfg 2^?y KlOif 
A 1 G a A s MtelsZh. 

iftmm2<Dis-vm+&<nfflmm&m&. i nGa pm 

[fff3fc*H3] MEffll ou-lfil£T-&cofl{rESS2co^9 

mess i w^-fs^aowiay s^tt* v^-i-fhm 

ES&2cou — -tf-'ift^gflOiWE y h^-Y^fi, 

l»3ft*B4] GaAs|£j££ N rotEXffi-bKRtt 6 thfR 

1 coi&^co i/-f36S:»ait6S l <o u—^m^ut. 
WES«±l-K*t(b4xfltrE!B l ^8StliS45»2W 

^f6]JrAktti-r-5lB2 0U— r^^ast, Sr^rrs^Wft: 

G a A s S^coiffiJco—gfllCmrE^ 1 co u— ^S^ffiS: 
«fi)ti-5!B lcO^ 7 y KltftttItS2(^^ 9 y Kg 

fltlEG a A s &Eco3E®CO{t!lCO — ^(ftE^ 2 CO U-*? 
^S^Mt5Sl^)^7 7 K/i <t fete JI <>: IS 2 co * 
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IttJEfS 1 u— tf* 3tT-gfl £ iftEIB 2 co 9*»?-ttl::« 
ffi H. Jh IS £ RJ B# I w /£ T 5 X S £ N 
fifiESiS 1 O l^-^^a t iiflBI 2 co 

-r^xmi*. OTESB2 0U — IfSR^IfBOWlrE^^^T 1 

t-t-6»*3»4 Eft^^w^t — i^r u-r (Dmmij&o 

HtTE^ 1 co&g £ 2 OftfiO J**«:WE 

5 ^T-^SP(^i/>T^W$ttTMo^m2(OMtJ *ir«: 

StfEfS 1 t 2 (Dgcgco 9*36* WE 

» 1 co&gco i: iS^FfT^*^ lc«cttJ-T6^ 2 co 

iEi i co^^co u-if^tco 5 t)r^gpirio^rs:w$ 

ntlofcS 2 com «9 3t^WEl 1 <D\9}tFrmj£t n&te 
E3I 2 coRt)7fe^ co^tUttBI-^^T^tU-rs 

flEm 1 ^ WcRfcSSS 2 co^co u-i^7fe^BfrE 

^ 1 cogcgco u-if 3fe^r BSspff te*ffil«-»ffl-r5«S 2 co 

fftmm l .co&^co U-^7feco 9 ip'C^.as^^o^T^W^ 

titio/cg i coMt)^^^m-r^m i co&m3M££. 



(3) 

3 

nxm-ofrmztDrnvytZfitimm i (ommnstn^^ 

*fcl*9l£E*^#JIMB^ = 5' h 0 

f— tfSR^BS: * t> l:f^.fc c ^ £ -f elf 6 ^ 

— i om^n^ioicE®^^*^^--* h P 
its^Jii 2] ati&m Kou-^m^^tm^m 2 

0±ffi^±lc*3^T. l»E»l<aRftOU-1f#i:fl&E 
fB2 0«S<ou-^3tt^^tt^ttfllJERi6a5^fl9ffiJw 

ME**Stt<0ME«lflBtt. WEJRlOJft*ou— 9*316 

ntris^ 2 (Dfe^co ix— if 3t Stress <owE±ffij-» u 

TB»3lii[-h^lwJRW-t-SR*t»W5>«:*r"r'6t>^t Lt 

6:<t 7 * fell 9 KEtt^****- 

K 

(M#*I 1 6] JfflEfS l«>&fiti\ 7 8 0 nmtMi 
U 

flflEfR 2 <Z>Rfili. 6 3 5 nm, 6 5 0 nmM6 8 5 

— 1 5^t^-ftu^loiiiESfe03t^a^=^ ho 
lf3#*Ii 7] t»*3B6*Acli8irE«c036«a^ny 

ntiE^ 1 <ofefk<Dis~*r%<Doibx9vm^te^xfcto£ so 
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titlotil (Ol^^rf 1 0®5r#^T-[Hl#r£-ti\ 

m&m 2 ^K^o if yt<o ? ^r^ai-^^x^^ 

^r<i^^^^^4#ta^i-5Af5/^r^^o 

[18**1 1 8 ] fg#Jl 6-16 <o\,^-?h,fa l o|cE®<^ 
h t. 

iE*M^^!x KA>e>»taSix*S(rE»l 

-If ft£ fctefl&ESS 2 (O if3t&«3fc Lt3t7^ 

fcflBMU B.oS9E*7 f ^^^**?>R*tSixfc*«:a9E 

[f»#Jf 1 9] t&:£3ll 7*fcl*l SfcEtt^*^** 

[0 0 0 1 ] 

*38Wli. Sttfi»«tr*5»t5*W«ci — IfTi^f&tf 
*r<0SUS#i$fc* *>J:tf::<7)J: — if Srffli^fcSatt 
Srfi-r**^-* • ->*x A N «^.tf. CD^fcllC 
D-R t (DSmfe^r^^LfcD VDi/^fA|:ffl^t» 
iB*. " /hffl"CJBtt«0*«8|3-=^ h. ft* y 9 T y-f 

[0002] 

DVD (Digital Versatile Disc) 
Rtltft^)-^— t* — . ROM, RAM4^±iSS^^f 

^v^^^^^UTJi. »f>CD (compact disc) > 
^.■7^ ^5 C D — R (compact disc-recordable) 
->^7 1 A^i£<fRLt*5!5> DVDv'XfAlt CD 

L T >b ^ <D ffifrJfr V # 52^ S: T* # £ <£ 9 
[0 0 0 3] r tt^(0^c^^ • C/^x Ai^iol^T 

^^^^ii^Eft^tt^fSfto-tt^Uiu • 

SrfT^/c^l-. — if (laser diode: LD) ^ 

[0 0 0 4] 0 2 6 li, ^^COD VD i/^T J*<Oyt \f y 

i-R91ia;e*>*. i- HB^*^y^7jx^ 
VDfflO*»ai-yH01i, CD&t/CD-Rffl 

h i o 2 fc«:*ri-*. 

[0 0 0 5] DVDffl**8i=y h 1 o i a*e>tti#s 



« 



I 



(4) 

5 

Xix 1 0 3&iiiSU tt^^Xl 0 4, £*>±«f 5: 7 
-105, tt*»«tt« 9 10 6, 2*05 1/^X107^ 
Lt)tr^^^ 1 0 9 {^ii*r6o — CD/BcDft 
^gl^L^o, no 2^f>aiM^5$g7 8 0 nm^U 
— 7^ Xi* 1 0 3 lc J; 9^&t£*t/c&, DVD 

/nco o r> o ii in f-v-ytt iz&m cyttt&ti . cd 

[0 0 0 6] — ^ x^^^?i»^cDMt)^li. 

i£<^7fcS8£fc^oT. ^tt-^ftD VDffl^f:liC D/B<£> 

3teft?8^=:y h 1 o l % l 0 2l:S< o rrt\ a« % 70 

CDfflf^^l08 t DVD-ROMfflT'f^^ 1 0 

0 7»-<t-5^^5/ hi^X(i'>L 
**5<OT-ftfii8JRtttt?) 1 0 6 4^HJ:?)|iaWNA 
(numerical aperture) X_"C V^<5 0 

[0007] ftft tr* # r fc>*t 

-C£>£ w ftifl®^- - y hiOK l 0 2 li, i 3 

8 £^<D±irl2ft<bix/ct:- h->^14 1 k&ft-T 
5 0 ^rA 1 3 8 dfi, ffi7£<DmWi&n? tzV><0 y - K itf 
1 0 9 ^Ig^gBE$^T^5o t-h'>^14 

■^0±{^. LDf ^Xl 3 5 tfeltimPD (photodiod 
e) 1 3 6 flSRlt htlX^^ Q LDf 

(D^mm^n. ^^^fflPD 1 3 7&mm.£ti. ld<d 

[0 0 0 8] £<bi:i N ^tv^<0±^(^|i x B^Lft^* 
^m+ftmrtbtlXl^Ze ft*>\ 0 2 7 fd&l^T 

[0 0 0 9] L Dfy/l 3 5 ^ ^>^fn T*Ig^ L/c^fS] ^ 

D13 6(lAltt6o PDtt, 7^ ±T*C0^;(O7^- 
— # * 43 J: t>* h 7 y ^ry y A 7 - 6 fc tf>(c<^ < 

oa^««K#M£*VT^S. «X.tf, ^^^^^^^ 

I z & ti rt 5> W £ * t ti *t fig I w A 3* -r -5 * fi * 5 

[0010] 

[»W^»RLJ:5i:t5H«] U&»U rcoj;?/^ 

[ooi i ] *-r\ 02 6 l/cJ: b ftft3fe<D#t° ^ 

^7^"/ll 2ficoa/^6*illS[^-=y h 1 0 1 % 10 50 
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2^f>c03fe^-*0^^{C^Agi-^^H^^)5o -ft 
fi, t:-y^r^7 p <D^^^^-reLDttlW7t<DAS^'f 

&mti$ti. ffij&&m&. io^l, M4igt>« 

[00 12] ^/:, ^3tf>>^7y/ll 2m<D& 
467feii^^^ hi OK 1 0 2^tf5f^l:, Tfe 

A^OCslSf*) Ote^fitS (x, Y. 0) l^t>«L^S 
#^£>6 0 D VDTM1L D- PDr«lT± 5 p. nu 

±0. 5° <n$&mfolz*>ZZ kl>mi£Li<\ LDttj&bfc 

fr2ftt&£)xX\<^Z>tz.V>\Z. 2 fiCO L DRt5 2 <@C0 P D fii 
[0013] K^2^fJ^ttT^6 

Ix 0 2 6 l^bfcJ: 9*t**co«tig-e»i> r co J: 5 ft 

*bm - &miknm#>xmmx&>oti 0 

[0014] *3&Wn. d^5^l-«^Tft$ttfet>^) 
T-fc5o "Tft^^>. ^^eW(i^SS5!60iibttBeft5^ 

i/-fr u-f S:^^coMit^&^^«-r <b t> 
IC, ^<7) J: ^ft^^fr^-iH^^^TSimr^^/J^T* 

[0015] 

[HJIi^^^-r^fci^O^^] -Tftip*>. 
^^-■^Tu-Yli. GaAstti:, ntfi£3£^Jiic^:it 

btim i <^i6*^ i — - ^^»m-r^m 1 ^ ^ir^ 

¥ffft*fp]irttaii--5»2<7>u--* # *^fflt. ^M^L. 

fltrtam 1 (O l fSfiUtt, I nGaAl Pgll^7^ 

i:, «HaiStt»^±l-K*tfettfc I nGa A 1 Pj2^ 
7 y mrl2^ 2 <D u-^^^-gliii. I n G 

a A 1 Pnifyy FlSts m'R&Wyy b*m<0±iC 

&rtbtiti%i&mk, ntiftfe&m(D±\cw!rtbfrtc i n 

GaAl P$2^75' KStSrtU fftfSmicOU-lr' 
^^gI50mrfEm2 ^ y y vm<r>mmt. ^IS^2cou- 
1^*^ffl<oWESB2 9 7 y Ym<r>mWk\L l&m-X3b 



I 



\ 



T 

[0016] ::t\ MESt* 1 co if m*&<Dwimi£ 

ttJf 11, A 1 G a A s m £<a HrfE^ 2 CO U— if SR^ 

SscoflfrEiSttSii* i nGaPi^tpr^ratt 
[ooniit fifiElg i u-'sR^awflfrEfB 2 

^r-y V TffiS^3 X 1 0 17 cm" 3 tJiTf$)5:^#l9 

[0018] ^/c. wie® 1 <o\y-^m^(ommm2 
y b7<<y<omwt Htri2»2cou— r^^gp<7) 

ta» 1 cd u—if^^-^coflfriey ^ v 5 ^^ h y^y'tmrn 

SB2COU— ^fR^-SPcomiBy jyv^lfc* h7^^lt ^i" 

[00l9]4fc, mrfS^ 1 co&g<>: BtrfB^ 2 60&S^r 
^^t^A^L^i^lc, A/2*/ u c^^/4^^Jp:^ 

T35tf>*8® <b flit 32 SB 2 co i^-lF*^tttf>«Ba t l-^tt^ 

[0 0 2 0] -^r. *|gP^co^ft:u— fr i"<<D9Stj& 

ft* co u---«/5fc£j&ttt-r6SR 1 co u-^^^.^^^ HtrfE 
2£tR±KS^fc*xiiflE» 1 co&fifc liRft £»2 <o»S 
co u-^ft&rnlfEtB 1 cofe'^rco ix— £ »S¥fTft;frft 

■9 s T l"f COffiiia^fe"CfcoT> Ga AslS<0±ffi^)- 
gtfdmrESg 1 co \s-*?m z ?-U%ffij8.-rZ>m KOfyy K 
Jl<*:?££fe/I<t!£2co* 7* vm<oV^j^^ : rum^M 

tiZTZHmt. fltTEG a A s StE<0±ffi<0<&CO — aSKflft 

SEfS2 cou-lflST-aiSrW^-r^SB 1 co* y y vmtm 

flaieig 1 cou— ^*T-spcofl(rsa»2co* 7 ^ k 

JS t mfEfg 2 co u— tfiS^-ascoflftfBlB 2 co * 7 y KJ1 <>: 
fc* h 7^^^MM«t5lS^ flfrESSicou 

2cou--lP*^ffifc<OlB^m«**»r-r-5fci?><03R^-^ 

[0 0 2 1] ICt\ WfE» 1 co&gte. S?ff5^2CO^ 
fiJ:9t>g<> ffiTEfB l co u-1f§ft^g&coiftf2^://i^ 
7Dfl|igSrJFMi-5XSli. ffifEfB2<ou-tfSi^gB<D 

[0 0 2 2 ] £fc. WfE»l coi^-* # IR^ffl<Ofl(rESB2 
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(D^yyVma. p Scog^^Sr^" ^ft5pSK 
-XV hco«S^3 x 1 0 17 cm" 3 ^m6:^» 

[0 0 2 3] ME* h7^^^W^t6 

MEIill*. fflSSl co ix-if-'fff^a^iftESB 2 co u - 
1f^^^co^^^{c^lt^^fc^5/^v^^ hy^i 

[0 0 2 4] flffESl coffiSli. 780nm£* 

70 <(><b U UIEi 2 co&Sli, 6 3 5 nmi/:li6 5 0 n 

[0025] *»w^**a^-=7 htt. m 1 CO 

feScou-^^»W"r-5^l(OU'-if^8Rt, ME 

coissco u — -tp^te ^ tew-fftejjfaizi&m-rzm 2 co u- 

if^T-a5<b, ffirESJ 1 co^gco u— t^3tco5 ^T-^SR^ 
*5^TR»SttTRofcfB 1 tOR9 3te£fltrESB2 coR* 
cou-if^co p ^T^^Cio^r^^ixt^ofci 2 

[0026] *i§^co3fe^a^-7 H*. m 1 

co^^cou-if3fe^«cffl'r^>micou--if^^^t. flfr 
ESS 1 co&g £ li^ft £fg 2 co&gco ^*«r«rEfB 
1 coiS^co u-if^i^»S¥fT^^fS]tc«rtti-r6^ 2 co U- 
-tFtjf^-gfl^ fl(rEfBl<o»«<ou— tP3feco5*>-C^» 
i^n^rfiJtS^rgo^ 1 coMt)^c^^ 1 coisiiff^ 

ST-lElUf <WEIB2coftfico^---^5tco5*>X fc ^» 
(c^t>x^W^tt-CMo/L® 2 coM«9 TfcSrlfrESR 1 coIhI 
Jfft S 1 1 i S ft h m 2 co (si iff A S X* HI #f S * 6 * ^ 
^ ME^;^^l^l-J:oT[Eltff$ixfcmrE^lcoM^* 
t MESS 2 co^ U ate£ SrlS|pJ-^SiaffilB(c*5^Ttta 

[0027] &tci*. *mw<nytM&*-=-v ha. mi 

E^ 1 <ol&& t liSft Z>m 2 co&^co u — 3fc$ri»EfB 

1 co^gco \s-^%ti&^fttj:^fa\^i&m'rz> 4 m2 <o u 

-if^^gfS^r. mfE^ l cofe^cou- if^co b *>-C^SB 
{w^^TSM^tLT^ofc^ 1 co^t)^^^tH-r6® 1 
co^W^^^:. fflfSS 2 coiSSco L — tF#co5*>-C*ai 
^ lc*3^T^WStbTMofc^ 2 coM t)*^^tB-r5^ 2 

[0 0 2 8] «^^7tiS^^y Hi, 311 

coftScou-i^^^JttfflreSBlcou-iPai^asfc, flff 
ES 1 coK^:<i: Ii^ft5® 2 co^^co i/-f 3tSr«lffif 
1 co&gco 3fe ^ BSspfTft^ftl-jfttfJ-r 5^ 2 co u 
— tPS^fflt. MEmico&ScDi — lF#co5t>-0*SB 
l:^^T^M^tiTIo/c$ 1 co^i9^$rm 1 coiil^ft 
ff-CElJrS'fr. «TE*2coiftfi<oix— tf3fe<o5t>-C^» 
lwio^TSSt^ixTMoycm2 com*) ft£rfffiEi& 1 co(e1 
5C? ^ftffttt»ft6fB2coi5]5fftffiT-0ifrS^:63t:^R 



[0029] crt\ wiam 1 (o&m^wttmmwizn 

[0 0 3 0] i3^^^«^»fflt5$ 
[0 0 3 1 ] Striae 1 <&u-1fiR^»i:fflME$B 2 

[0032] ttE^-frwfi, »**i-M 

[0 0 3 3] ^tS-hl- / >^< £ ^T><bo<7)^^ 

=*>mwi&£h\zffi^ ffjfB — frM 

[0 0 3 4 ] £/c. fltrKft^JStt. ^p^A^S: 

BOnmt^tU UtTsE^ 2 coK^Cfc, 6 3 5 nm. 
6 5 0 n m&0*6 8 5 n t ^-ftt***: *P<bt *t Z> ^ <t 

[0 0 3 5 ] — ^SSW^ft^S'^T *:/f*. MxE?) 

W^^^t^I^ntMo^f 1 0 ;fc£fK 1 (Dm 

^gpic^oV>-C^^$nrMofc^2 0M9*^WI2^ 1 

^ (hi jf ft B. 1 1 a R ft 5 ff$ 2 o m JFf « S T- lei Jf £ * 5 ft ^ 
[0036] ^tcn, *»W^*try^r *:/l*> #13! 

[0037] — ^ssw^t*^ *^l?SJjgs@ii. «r 

[0 0 3 8] 
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[0 0 3 9] £JLTO|ft^T*li. £i\ ^^^<^*f ^^ 

w-tz><. 

[0 0 4 0] ^Ts m®^r#^Loo^:^^c7)||fecr)^ 
/<? flg(Coi>Tlfe^-r6o Bill *5g«<03fe^y^rs/^ 

DVDffl<DSf6 5 0 nmtfc|j:6 3 5 nm^l/ — I^Tfe 
KDfflOlSf 7 8 0 nm(DU—^yttnm — (D^tM^ 

^^y h 1 1 7^<btfj#t£*t6 0 :ixP)0 u — + # 3feHU =» 

y^-h ■ l^yXl 4, Vr^±(f ^ =7- 1 5 X ig^ifliR 
8?9 1 6. 7^^LT, ^tb-^n. CDr 

1 SJfcHDVDr^^^ 1 9 l^if-T^o 
[0041] - l^yXl 4I±. LD3fe?:S)fe 

f5/hfe(Dfll/yXt\ ^ONAttlf lio. 1—0. 

20 i 5 cotSHir-rttcf ^uyxi 2 1*. 7^*^ 

[0 0 4 2 ] ^P^^^t 4 5/^7$//^02 6^^"J^U 
[0 0 4 3] 12 2 (a) (b) I*. &%W(Dft 1 $kffi^-=- 

y h(Dft¥&(Dffif&&mTWL&m-C&>Z. I3JH + -C»« 
T^bfcgIS5>^^;^©^-y h 1 1T*$>^ 0 Tt^S^-- 

^ bl-s 1^0 (a) K*s^Tli, *I^^yMi*ff 
^3 3t)tLt^6 0 LD3 111 6 5 0 nmi7 80 

[0 0 4 4] jtfW33li, LD^e>OfflJW*liaa 

IwlHl^T^^r^o rcD J: 5^7fe^^©3 3 t UTIi. Af*: 

7 A|g«iF-$:ffiV^fc^^i: LT<t 

i:^*>6o r^^i^^j o»-&|cfi x l$U%**>f 
40 yJ^m^^m^^o — CD#-&(C|* X 1/ 

-<^^T^MLfc^«9 7fef*. 1 /4iSfitS^f±«-T5^ 
0%^T*fe5o 

[0 0 4 5] ^(7)J: 5^^^^©3 3 ^7 
5^7 A^T-^li, B2 (a) \Z7ik Lfc J; 9 Iw^ifi^^-^ y h 



1 



(7) 

11 

1 1 ^-(*(^^«tXt>S< . *fctt* 02 (b) CtL 

fcX o^^M^-y Hi ^^Jl-^ttrt>S^o W 

ORB^ &*>-tlf ^ 7-15^916^: (Dffi^ £>£l^ 
ll|£9 1 6 t^l/^Xl 7 fc<a»fl* t*(C^«tT^^ 

[0 0 4 6] W^Cio^tffll^: £ a*-c$ S* * ^ 

<om V %v> o%T~¥ffe<nik&<n\B1ftft&&ttim PD35 

<DB«f4«l-®ifi£li:. =" V * - h • u^Xi 4 <7)fE/fl 
11, ffi#»<a»^t>?MB#*<z>#*&fc* -t^Sffi-b^Br 

[0 0 4 7 ] mtUffl P D 3 5 |1 % -T 5 «t 5 KlU 

£ 0 H5*Lfcffill£jS1^Ttt, 7 8 0 nml/-fftt65 
Onml/-f*<>, |pl-(7)^aifflPD3 5T§^t5o 
[0 0 4 8] LD3 1^f>»ai$tlfc^-f*tt, 

^7 3 3 ^g*is uTftftg*^ i i^£>ttiat-r 

f-5o f^0(£*5i^T> Xflr^ *?<D h 9 V 

3 3 -eiHitrf^n. t^tu^p d 3 5 CAWt^o 

[0 0 4 9] *»W^3ft*li3.= y Ml COf^ffl 

kK^StofcttW-TS, 0 3 11. 

60 1*30 (a) l±— /tt«J*7ho^7A9R^tC 

cfcS3fc<^0^<^T-£l^®^0T-fc 9 . I?H0 ( b ) (1 

tfc^o £i\ ^n^7Ai^3 3li, — ID 
3 (a) Ui^Lfc J: 9 ^7^4^WS*Mfl^S 

HirjfdsjajBlWlcBJiJUfclllJr*^*:*^*. £ rt?. 40 

AiT- 3 3 0 »3fe/*»?S s #at6o 

(i) £^£*x6 0 ::t\ nll«E»T-*>!K 
r[e]#T<D#:$:j tWtfthZo B 3 l£*3V*-Cfl* l &<ois] 



2000-1 1417 

12 

[0 0 5 0] 03 ( b ) loo*^lfl^ 

"Ol. DVDfflr^^^l:^LTIiiSf 6 5 0 nm, C 
D (&tfCD-R) fflf^^^l^ltlilSSySOn 

tLCOSS^^IL L D 3 1 frhtkmZthZ* ^^t\ L 

D 3 l li, «»c»5S-r5J: 51-^ m«^raRBT*¥fTlcE 

ho LD 3 1 ^fcttJtfLfc. U — iFftll* ^p^AI^ 
3 3 £2ti§ IT0^1^^7^ X^lCit-T^o ^rLT. 

/t P^7Ai^- 3 3 3rili® L 
1 &7t;#«lttlffl PD 3 5<Dffil£tiLWlZi> ¥Z> 
X b ir&B^ftT^&o 0 1 -^0 2I^LfcJ; 

9 ^ ^ U ^ — h • UyXl 4. 3l*>Jblf % 7—1 

(03t**liffilI±«»SttX^6 0 SIIB in II. 

i»Kf ^ 3 3 II. LD3U3j)^-h - 1/ 14^ 

p B ii;iga©LTt>&< . £*m. y h • uyxi 4 

fc:fc*>-bif S 7- l 5 fcoM-*\ £*>±if 7— \ 5 t 

7 £cr>PH , ]i;iga@L-t<b&V\ 

[0 0 5 1] 03 (b) \~m^ L/c J: Tfco^.^ 
^^3 Siri^MO^c^lHl^^tte^, mfii!!^ (l) ^; 

ft>&!Rt>ft*ttJ: 9 6 5 0 nm«t 19 7 8 0 nml/-f 
^^^(HlSr^^^trv^ ftot, 6 5 0 nm^; (3 1 
A) Ot-A*^C^lX 7 8 0 nmTfe (3 1 B) t' — 
ix4»^^:S*ffiPD 3 5 ^r^tt^tt^^JidiagU. 5. 

[0052] ld \f-j»mm&* 2 0 

0/im, 6 5 0 nmt'-At^31Ai:§*fflPD35 
O^,^^ (^^cOSggt^- 800/im, LD^ n^7A| 
^3 3 ^ CDfy3PE£: 5 mm^: Lfc^^lCJi. ^n^^^^ 
^■33 <^[H]#Tte>^fi:'htV^3: 3 /x m^i"ttrffiV\ 

<. L D b 1 - ABBB^g*ffl p D 3 5 t ©ttiH«ft if 

[0.0 5 3] ffiL, [Hjtfft&^^ tV^^. LD3US 

*fflPD3 5^offiBH#,/j!if*aSIW*fflti-5fc«> 

i^n, L D 3 1 <D fc* - 3 1 A £ 3 1 B t Of^SS 

11. St^^Cl 0-»l 0 0 nmb't'Z>Z.k&&mh £tl 

L^L. 1S»OLDf L ^^^^OJ:5>i»^*raiB'eife 

36W - <b t>*fi-C«l*v\ ^:t\ *»W<^) 
^jgSi-y H^^Tfl. thio©LDf y^ir 2i 
fi*>6iMl*ttK±o*«»*ilia<bU^ u-f 
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[0 0 5 4 ] gftfflPDKo^Tfft^-rSo 0 4 

(a) tt. S)tfflPD 3 5<7)£E»&¥®0T-£>£o ZL<D £ 

J: 9^PD^fflt6:<l:ta 9. 7 * — * 7 — <£> 

X*#6o §*fflPD35^45>SlfS*35a, 
3 5 b, 3 5 c, 3 5 d IC:fc^T§3fcmSt I a , lb, 

i c r d ?^i:<5 £-T£o ^com. h7«^>^7 

— I:* (Ib+Ic) t (la + Id) (Dfcftmz X 9& 70 
ttJT*# 6 0 (Ib+Ic) - 

(Ia + Id) coJEtftJtKlr J: 91$a*T-# 6o t3^^>7^ 

ft mnn da + ib+ic+id) ttez> 0 

[0 0 5 5] 04 (b) «U 7jxP^7A^33(?)¥l 

ti'P L-TofHltFffeT-^-rixri^ J: ? £frx$ 

r^^T*#^o 0 2 tc^Lfc 10l: 

[0 0 5 6] 05*1. *P^*8aiy 

let— h 4 i asB^stu :wt-hi/y^4i 

^flffil: L D 3 1 ^t-v y h S M ^ 5, * 

Its t - h 4 1 CD±l£fi. P D 3 5 T&S-r £ 

vhSixTif^S. Sffi 3 8 li, Wx-tf =a/<— Mc X Vffi 
&£tls t-h^Hllls (C u) 

(w - c u ) t»«f^e$tt5o 
LD 3 l 0>Hfgsw(;itt* ^e = *;f?PD 3 7 e>*u 

LD 3 1 coai^^:^-^ 1X7^- K'<y *SMWT-£5 

£9. LD31^PD 3 5, 3 7 £ SUttlfcSftT^ 

[0 0 5 7 ] LD31^!1 EI^Lfc <fc 9 2 MM 
fl)8fiOU-f*3 1A, 3 1B^ailtt5. LD3 1 
£t — h 4 1 I^B^-T5fc«)«wtt % Zhb<nyt\? 

cor- 1 fir**ffl-c# 6 0 

[0 0 5 8 ] LD 3 1 ^fflMLfc^fcfc'-Ali, 0^ L 50 
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*$^Tte. #1- h75/^ fc:* :x ^ £ 5 /h £ V N 7c #> Id L D 3 1 
^:PD3 5^^(4I (X, Y, 0) GDfllS^** 5 
IK, ±5/im. ±0. 5° (D^mfo\^&>Z>^ t frW. 

[0 0 5 9] 0 4 /^^IC^U^C^d^^ A^T-3 3 13. 
COt&U&HiJBPD 3 5leMUr+5>^4gfilST*^-y 

Xi 4^W^/cli^$>6^^^u^xi 7comf*/cfi 

ftl:RtLttfti>. 
[0 0 6 0] 0 5 KIct UfcJlttffllCjS^-Ctt* 

L D 3 5 n mffi$J£ t — h 4 1 1-®^ bfc 

^&£^Lfc 0 L^U. DVDfflO6 5 0 nm*Olg 
&&\zn-* — i/isfr'J>fj:\,^(DT^ L D 3 1 

^Tt^i-ifi^ P £ t — h >>-^ 4 1 t^gf It 

[0 0 6 1 ] 06 1*. ^COX ot£T K • ^ £ ^ 

StS50>Sr^bT> LD3UT^^K^?^ 

count \^xn. W7L&mkT;\s^~<>j± (a in) ^ 

[0 0 6 2] }k\Z^ &&W<Dm 3 <VM?ftWl^\,^Xt&W 

5 0 (a) LD31' ^e>W»i-6 

2 OCT) t*— 3 1 At 3 1 B(^r»1PS^ 5 0 // m^T-Sifi 

ZitlzWZm-to 0 4l:^ifc«rictit'<X2ooe- 

te^^^Tstfrbcomvytn. *u?7 j^m^s 3 i^j: 

6[eI*T^S<^lll- ctoTte^^Ac^l-. WPD3 
5' <0±lz:*5V^r*— <D»«5jfit tt-ftbi". t>toop 

UfcJ;9ie. m&cDPDZ&rtZZ tfrmti 07 
(b) lefi. fs] — o>y =1 3 5 ' co_h{- 2 oco p 

D/^-y35A, 3 5 B&®!l~ttiW&m Ufc 0 -^^^ 
^PD/^-y3 5A, 3 5Bli. 4ocog)feijgca 
~ d lC^fiJ^nT^5 0 -<^ct 9 1-151— ^i/y n ^Sffi 

[0 0 6 3] 0 7 <D&\X&. m — <Disl) =» V'StS 3 5' 
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<D±|C 6 5 0 n mm PD35A£780n mJS P D 3 5 

^»@«ll*fci*:£ Q Att:^J^^ffi^l^^-r^, 6 50 
nmt'~Ai0t(3^3 1AH50 n m/B P D 3 5 A<0^ 
fct 0>MMttjtil 1 . lmmX-fc»K 6 5 0 nmt-A(O 
^'6 3 1AH80 nmffiPD 3 5 B <D 'i> <b <£> Fh] II 
fil. 3mm. ^P^^i^S 3 6O(H]0ffe^^*/hf 
yfttft3^m, LD31' d:*o^7Ai^33^ 

[0 0 6 4 ] jEl^n^ A^^-3 3HD31 70 

<,»3 1Ai31 B Wi*tlt> 6 5 0 nm^/:li7 8 0 n 

[ 0 0 6 5 J *&W<F>m 4 <D^WW\^^X®.W 

t6 0 Hsu. *mw<nm4<DMrftm&m-rm&mT?$> 
3„ isjh (a) ii, ^w^ia^-s'h 

oB»a^aia. raia (b) n, **>x 

IIS0t'$)5o #JW*«fc:*5^-CWU StS6 0co^®|r 
o cfcnrtbti, ^^Ml:LD3 1^!)yh 
^^Xl^ 0 ^Lt, LD 3 1 a*£>aj*f LfcfcT— -Ml. 20 

3 J: OlHliftStL. Sffi6 0(7)_b(^^it <b*x*:&ttJfllP 

D3 5ICAltt6 0 X1&6 0 £LXI1. y => V 

rf^^^^^i-j: 97g/&£*t£ (111) ISrffli>5^ 
[0 0 6 6] ^M'!l^l>Tt> LD 3 1 £fl 30 
<h I- J; 9 s (§l4*/ci(l[a7^J: 5ttJE¥X<rJg 

[0 0 6 7 ] J£*±. JU*0»l«:#lg Loo*»W©**a 

ll> 0(;ttf* D VD- ROM/]] 6 5 0 n m^tt D VD- 
ROMffl6 3 5 nm*tCD-ROMR(;CD-Rffl7 
8 0 n ini)t^3flIiffl^m«L/c:LDSr^*f 5: tWZ 
6o £ fc. DVD-ROMffl6 5 0 nm*iDVD-R 
AMffl6 5 0 nmt >Z^/fmtB7J7fc) tCD-R 

OMMCD-Rffl7 8 0 nm*O3lg^9LfcL 
D^r^tf 6Ct 5 0 £ DVD-ROM/B6 

5 0 nm*^CD-ROMR(/CD-Rffl7 8 0 n mfc 
(R&tHL/HJfc) KD-RSU { CD-RWffl7 8 0 n 50 
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m^ (&$&*mmmt>yt) o3Sg^«gLfcLD^ 

3* If i:*S-C#So 
[0068] £ /c. 685n mfti£tf>8N^*ff<7) L D 

[0 0 6 9] ^cOLDf/i^^^U'-f 

flcu—lfT u-f 0®Elte#r®[ax,fc5 0 i-#:fc>*>. 1^0^ 
fl^lfc*»*l/-f7Ktt, ^-(OGaAsSfi2 

1 0 <D±iZ 6 5 0 nmt 7 8 0 n miO^ttl^tl ft 

s> KB±W*:iaff*iitK«-r^r 9. ill 

^> l£ <5 o 

[0 0 7 0] ^dX'll. S£rOMOC VD&ffitffltmtn 
lft» ^ *ffitt 1 5 C 1 1: J: 5 HS^ie i 4 o fc, 4# 

#fi3St? *>*. 

[0 0 7 1 ] Z.<D£ 5 4iaau--f7^l:o 

[0 0 7 2] 0 9 11. *a5MO^flc«lC^^e*tB»[fi 
7 8 0 nmH50n m<D 2 fcT— U — Ih'T 

03$lii£;^i-[£r®!g|X£><5 o l^t^l^X. 2 4 0I1SS 
7 8 0 nmOl/-fi^ 2 4 1 fl38*SiSS 6 
5 0nmiDl/-f^»-efc6. *<*>ti*/&Kol,>X8ltft 

■rtttf, «t<o*d< x-*>-5. 

[0 0 7 3] i"fc;b*>. ^-TiX<7) U — i^^^-gp2 4 0. 

2 4 1 M^Jl^Xt, St£2 1 0O±{C. n3J (n -) G 
aAs^y77|211, 22 1. n n 0 . 5 ( G a 
0.3 A 1 o. 7> 0.5 PIS 1 * 7 2/ KJS2 1 2. 2 2 2. I 
no. 5 (G a 0 . 5 Al 0.5) O.sP^ KJf 2 13. 22 
3. ^If^F (multipe quantum well : MQW) 
tiLM 2 1 4. 2 2 4. I n 0 . 5 (G a 0. 5 A 1 0. 5) 0. 5 P 
WKS2 1 5, 2 2 5. p-Ino.5fGao.3Al 
0. 7) 0. 5 P 85 2 * 7 y b*m 2 1 6 , 2 2 6. p - I n 
0. 5 Gao.5P :t ^y^h5/7'|2 1 7, 2 2 7. p 

- I n 0. 5 (G a 0. 3 A 1 0. 7) 0. 5 P fR 3 ^ 7 y K@ 2 1 
8. 2 2 8. p — I no.sG ao.sP^if^ ~?M 2 19. 
229. n — G a A s ©ffiPlJh® 231. p — G a A s 

jjii&iz^Jl 2 3 2^cco«H^gj® ^nx^^o 

[0 0 7 4] ^ ^1 T% 7 8 0 n m<D U — if ^^gp 2 

4 0^*51^X11, ^tt®2 1 4 11 Ga0.9Al0.lAs 
Jtj^mt G a 0 .65A 1 0. 35A s Ptig® t <DM Q Wtil3g5: 
^f-r5o — J?* ScS6 5 0 n mO U — lf^^-gP2 4 11: 
*3^XI1. ^ttg 2 2 4 II. Ino.5Gao.5As #FJf 
<ir I n 0 . 5 (G a 0 . 5 Al 0.5) 0. 5 P WS8J1 £ *>MQ W» 



* 
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MJL £ tt/cfS 3^7^KI2 1 8, 2 2 8 ^GaAsl 

MtlE.Jh/12 3 l <nm&&t>itX*mJj\*)\zmVr&*'r yzf 

frmfcZft. 2 4 0. 2 4 1 t h\^®tfT&#'< KU— F 
^il^ilXl^o G a A s mffitPaiLJ! 2 3 1 l*®Sc£ 

LX^6 0 MS^&«i#8l*2 3 6lcJ;oX®Mftl~# 

2 3 5(ists2 i o (vmm^&m^i&i&-t z> z t asx^t ;<? 

£ 0 ffl&L/cJ: u-tmS2 4 0(iCDf^^ 

^|c/?H\ ls-~?m*&2 4 1 liDVDf^^^l'fflV 

LDt Lxffl^x£i;gx£>5o 

[0075] £/c. m9<Du-^r \"i v—vm* 

^2 4 0l:^PTI nGaAl P7(k<D# V > KJIIw^fL 
X. G a A 1 A s ^(OiSttf SrSffl Lt^5^a«F0) 

ZtlZjL*)^ Plffi^igc (60nm) (780 
nm) O 2 aa^) l/-f »ft SrMftt 5 CI t ■(?# *0 

[0 0 7 6] #38911- £Z> \s—yrT l"< tt, 4*1^. 

WttJwffttx L^fc^^uxffiHtx-t -5 tv^5?t]^:^w 

[0 0 7 7] HI 2 8 (a) li, BBiiSMSte: J: l 2 
tr— Au— iFT u-f <O»rffi8t»&0"C$>So P]IDl-:fc^ 

X, 7 5 1 //^I 7 8 0 n m(D U-f ^i^, 752 

7 8 3Mngil7 8 6, 7 8 4 ITll 2 
o<7) u^l^li-ttt^ttffllScicgESft-r-S w £ a*X# -5 J: 9 

t-^U-f7l/^(j:, 02 8 (b) L/c2 o<7)^ 

^ p «i£4r?BJB Lfcin \f# * ^S«^fe§lfP 
i£<7} p t^fefe/g 7 7 G , 7 8 2 &Xf n tgfefeJl 7 7 8 £:^cg 

[0 0 7 8] 0291*. BiJ<OB§ig8tfB<& 2 t*- A 

i/-f7 i"<<Dmffimi&mv&>z>o raHi-*3^"t\ 8 5 

1 7 8 0 n U'—fr'Sgfi *K 8 5 2^ 

fi 5 0 n m(^) U-f%iSH5>T^^o HI 2 8 L 50 
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[0 0 7 9] rtt^^BligftW^^- f 1 

TU^«r«iJ^TIcIftP^-r-5Pp1M^$>o/c 0 £1\ 
*tfc& u~ -tFSi^-aSKSfcx L/c fc'-A# 

#£;Jx<5o b^L, 132 8-^02 9 W*9ftU-f7U 

fle L/-fr W FM^ff l^ntFr^^T- y ^5:f^ 

[0 0 8 0] Ltf>U a^^ttfc^^yu— v^pfil^^Pg 

y^SrWJt&^XtStJKUftitJxtfftfeftlf^ fc** 
b. ^!iy^77^xfy^^l:^5, ctv 

L/c i — -IP T u-Y Sr^B* 0 A < r ^ f4H«-C 

[0 0 8 1 ] lktcm<DffiMt IT, l/-t7Mf^ 

KoX^^iftf^^iir^/c^lcii, w-i^®)fricff^^^ 

a c <t -^>7i s ia2 8<o*»*i/-fr u^^, 
5-r-<x^ ^-i^iR^^^oi>x)»fR^a»i-*6 <t b 

#|c\ t— h v/v^ o«iSdSffl«l^* 19 . ^r^^iX(D^< 
^-v^lcM^^/^^J: 5 J: < att^^i: 

lifii«>XffliiX$>o/c 0 

[0 0 8 2] . J£*±ift9JLfcJ: 5*fflHtt, tr-Aft*s# 
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tn&teV. ^®l;i*£ftJ£^f;tft< > -^^^hlittse 

£ x~<Dmm&*:z < ft r> tki&*m< ftor us 5 t 

i^^^^fe^o £jtSft<5i££ — tf^y ^ yMft^ 

[0 0 8 3] ^iii^^U^J: 13 2 8^02 9i^ 

ar-ft<. ^igxa^^x-^^^ 9 t><&< s %*r<i * jo 

[0 0 8 4 ] mi^tLt, ^^Kcfctbtf. u— tfr 

etc t- h^v-^i^+^ffiieuris^ s *»tt(-f*e> 

o#^£Cft^„ £0 

[0 0 8 5] U^t>. U-fTM^SI^tffi^^- 

[0 0 8 6 ] *«Woi^-f7 1— f <0S{ig*telw 

f v 010 iOTf j; nS (n -) G a A s SS2 ,?0 

1 0<D±\^7 8 0 nmU-1^±#K<fc6— jS^t'^^- 
v'-f /Wj§ 2 11*^ 2 2 0 $:MOCVD (metal-organi 
c chemical vapor deposition : 

*) ^(a*3^t5 0 1 4 t UTIi, A 1 G 

m (p-) kjso^-t y ir»fl[tt3 x 1 o 17 (c 

[0 0 8 7 ] 0 1 1 ll^lfcd: 9 IC X Z&gJiGD — 

[O 0 8 8 ] 0 1 2 IwTfs U/cJ: 9 i-. ?f(/^i^ 

-&^rf0o Mt&tftlzn. 6 5 0 nml/-ftt«l:«t6- 
ii^xt^^r*>t^i2 2 17^£>2 2 9?rMOCVDjfc 
I- J: ?£fcfe/I 224ttInGaP/InGa 

Al P(7)^ffiffiT-^F^it^ffl^5r <t^T*#6 0 

ftfitteatttafiKfi^wtSriBR-rs^^i^jio-c; w- 

&\Z.£ V £<Cflgj£Ufc. 7 8 0 n m I Vttm<0^ f * * 50 
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[0089] ftC 013 L/c J: 9 l-v 6 5 0 n m 

-&fc>i*T*xr£&v> 0 Z<D%£. n-GaAs!2 2 0ia*) 
7 8 0 nmtt^xt^^rv/t^i2 11—21 9 
®£*L5 0 n-G a A s JI 2 2 0 £j§JR#jlC(& 

^-r^f^S^o Wi^IgCJ:^ 7 8 0 nmOl/-f 
®«ci: 6 5 0 n m<D U—Vm® t — m&±<0%i}*<D 

[0090] ^110 1 4 H^L/cJ: 5 lc\ !)y^h7 

^^^^-r-5o jtrfrffjia*. %ti*:th(n i — ■ fm+n 

\z. % S i 0 2 ^h7^^x^ 2 3 0 $:MU 
V^y^^^fh^m^X^^ :x:/Jl2 1 9. 2 2 9RtJ> 
$3^75/K! 2 1 8, 2 2 8 ^^lCxo/fy/f 

£ 0 rox^f y^fj, xyf y^hy^)|2 l 7, 

2 2 7 £T*if L/c<t r *>T-f£ih£ii:3r £j&ST'#£o 

[0091] ::r% y^ii2 i 9, 229s 

t/lfS 3^7yK|2 18, 2 2 8 tt-ttt-Ptt^ ^ — 
9 X 2 2 9 t^*I^X5/f yi/$tl60T\ 

[0 0 9 2] 015 (ZlTnLfcJ; 5 G a A s m 

KRajhg 2 3 1 ZfH^ctZo AfrWIwli, MOCVDS 

3 0 o±|ciBS^«S Uft^ J: 9 ^fi*«=SrBB«5-r 5 

[0 0 9 3] 016 IC^ L/c X 0 (C, tl^^^il 

2 3 2 $:^t5o W«Jl:ii, Si0 2 ^h7^^ 
^^ 2 3 0^^1/1^1:, MOCVD&ICJ:!)!^^ 

[0 0 9 4] 017 ICt^ Lfc J: 5 ^tt* 2 3 

6$:Mtl)o ^r^^lCli> R I E (reactive ion etc 
hing) &^rfflV>Tili^^lw^^^^>/-r^ 0 KfctfsKb 
LTI*. ^Jxl(^> Cl 2 iBCl 3 ^ffi^^5: 

[0 0 9 5] i^ll, 0 1 8 {C^U/c«t 5 l^x 

?ti<D \s—fm*mmsi3:<Dm& 233, 234 l 

fc^:. StS2 1 0<0KlB*:W«U"Cff 1 0 0 /x 

si^u, ^ism®2 3 5^rjf^r5o ^<^i; 



» 
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3 3, 2 3 4<DMf&<nmftnAthW*-Xt>m^Xz-te 

*\ 

[0 0 9 6] Z(OX 9iaTM^ix/":!)x-/N^, X 

A 1 2 0 3 liI&fi2/£ L/Co ^r<7)i¥^l2. 6 5 0 nmM8 
0 n m<D^<D%^WL&<n*ft\^t£Z> X 5 l-K^i"ttf^ 
&l\> - ^<b#<7)^®^W^(i. M6 5 0 nmWl/- 
f3fel:^LTIi2 9. 4%T-£>9, 7 8 0 nmOl/-f 70 

fitf>¥#|::R8t Ljzm&nffiWiRtomu 3 0-32 %a 

ho Lf:^oTAl 2 0 3 SSSaK2o(Dl/-f| : F 

[0097] x 9iK^itmt)&ft&it#>\z.n* m 

Ctt|r|i±fE5p ^KI^) 1 / 4 4>*tM* 0 ~ 1 / 2 Oft 

, A 1 2 0 3 , SiO Xl T i 0 2 , Si N x , ft }£ 

A 1 2 0 3 U/4 3te^S) /S i N x U/4ft*£ft) 
/SiO x Q/4ft^g) /SiN x U/4ft^fi) 
/SiO x U/4#¥*) /SiN x U/4 3fe^fi) 

/SiO x U/2#^S) «r^-r^rt. 

£LT> IlKf 7 8 0 nml:^ttl!l6 6% x ^6 50 
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